A method for isolating nitrogenase-derepressed mutants of Azotobacter is described, based on colour formation by colonies growing on pH or redox indicator media. Acetylene reduction activities are given for four ultraviolet-induced mutants and one naturally occurring strain growing with and without ammonium.
Media. Modified Burk's medium (B medium), B medium supplemented with ammonium acetate (B : Ac medium), and the indicator media were prepared as described by Terzaghi (1980) . Where stated, 0*03°{, (w/v) (NH4),S04 was substituted for ammonium acetate (B: SO4 medium).
Growth andpH determinations. Growth was monitored turbidimetrically at 560 nm on samples removed at intervals from liquid cultures growing as described by Terzaghi (1980) . The pH of each sample was also measured.
Measirrement of'derepressed nitrogenase activity. A continuous assay was developed for comparing acetylene reduction during growth with and without fixed nitrogen. Bacteria grown in B medium were inoculated (0.1 ml) on to 10 ml agar slants of B and B:Ac media in 28 ml vials. Each vial was sealed with a serum cap and l-O',), of the air volume was replaced with an equal volume of acetylene. Vials were incubated at 25 "C. Gas samples (0.3 ml) were removed daily for 5 d and assayed for ethylene production (Hardy et al., 1973) .
Any isolate showing positive ethylene production was tested further by inoculating a large number of vials, then using a pair at each sampling, injecting with 10 7, volume of acetylene, and assaying at 5 and 40 min.
R E S U L T S A N D D I S C U S S I O N
Optimal conditions for diflerentiation of Nif phenotypes Influence of media additives on p H . Growth and pH were measured for each of the three related Azotobacter vinelandii strains inoculated into B, B : Ac and B : SO4 media containing either 0.5 or 27; (w/v) glucose at an initial pH of 7.0. As found by Cohen & Johnstone (1963) , no significant change in p H occurred during growth in B medium. In medium containing (NH4)$04, all three strains showed a drop in pH to 4.8. The final cell densities were comparable to those attained in B medium. However, in medium containing ammonium acetate, oscillations in pH occurred during growth of all three strains: there was a rise within 24 h of inoculation to pH 7.7 and then a subsequent fall. The initial rise exceeded pH 8 if excess ammonium acetate was added, though growth was then inhibited or even ceased altogether. The subsequent fall in p H was enhanced by increasing the glucose concentration; strain differences in the final pH values were optimized in 2%) (w/v) glucose, where strain UW2 ceased growth at pH 6.4, strain UW at pH 6.6 and strain UW59 at pH 7.0. Diauxic growth (but no acetylene reduction by strain UW) was frequently observed on B:Ac medium, and the utilization of acetate as a carbon source was confirmed by observable growth occurring on glucose-free B : Ac medium but not on B or B : SO4 media. Whether acetate was utilized in preference to glucose was not resolved.
The final cell densities of all strains in all growth conditions were enhanced by increased glucose and, for strains UW and UW2, by ammonium acetate. Strain UW59 consistently had the lowest cell densities, and comparable values to strains UW and UW2 were obtained only in B:Ac medium containing 27; (w/v) glucose. Thus, the greatest difference in final pH between the repressed and derepressed strains (0.4 pH units) occurred in media containing ammonium acetate and 2 yo (w/v) glucose, and suggested the use of media with these supplements and an indicator showing a colour change at a pH around 6.8 for identification of derepressed mutants.
Choice of indicators. The mixed indicator bromcresol purple/bromthymol blue (BB), which changes colour from yellow to violet at pH 6.2and then to blue at pM 68,was selected. Eosin/methylene blue (EMB) and tetrazolium were arbitrarily chosen as redox indicators. Optimal conditions for distinguishing strains were determined by varying the concentrations of the indicators and of the ammonium acetate in the media. Growth of some strains was inhibited by the indicator media and therefore the concentrations chosen represent a compromise between the best concentrations for discrimination and those for viability. Maximal differences were observed when no NHZ was added and strain UW2 (which formed small colonies) could readily be distinguished from strain UW59 on the basis of size. However, to avoid possible selection against Nif-mutants, ammonium acetate was incorporated into the media. Under these conditions, strain UW59 colonies appeared reddish on tetrazolium agar, mauve on EMB agar and gold on BB agar, while colonies of strain UW were much lighter. Frequently, both UW2 and UW59 strains also produced some lighter coloured colonies on indicator media. Other azotobacter species were also tested and all had distinguishable phenotypes on the indicator media, with Azomonas agilis A30 colonies having the deeper colours characteristic of strain UW59.
Screening for Nif derepression Nitrogenase activity in Azotobacter fluctuates during growth and is sensitive to oxygen tension (Gadkari & Stolp, 1974) and pH (Burk et al., 1934) . To account for the changing conditions during growth on B : Ac medium, which might influence nitrogenase activity, a continuous assay was employed which measured activity integrated over the entire growth period. By this method, 30 u.v.-induced mutants of differing phenotype on indicator agar (Terzaghi, 1980) were screened for Nif derepression and four gave positive acetylene reduction on B : Ac medium. Random testing of different non-mutated azotobacter species revealed that Azomonas agilis strain A30 also showed partial derepression. Representative results from the screening assay are presented in Table 1 as hourly rates of acetylene reduction over the first 24 h incubation, and are not corrected for cell numbers. However, the variability in strain UW59 derepressed activity is due not to growth delay, but to culture instability (unpublished results). Table 1 shows that the mutants have derepressed nitrogenase activity comparable to the positive values given by strain UW59 and ranging from 0.1 to 20c;0 of the activity of a culture of strain UW of similar age growing on solid or liquid B medium. A low acetylene reduction activity was occasionally recorded for strain UW2 on B : Ac medium. All four (Nif-Drd) isolates had colony phenotypes on BB and EMB agar resembling those of strains UW59 and A30 although two were isolated from tetrazolium agar, one from EMB agar and one from BB agar. Thus the three indicator media are equally effective in identifying this phenotype and it now needs to be determined whether the phenotype is specific to a single locus. All Nif-Drd strains of Azotobacter isolated to date are prototrophic but this is probably not significant since no selection was made for auxotrophy.
The indicator media are currently proving useful in transformation analysis of Nif-Drd mutants as well as for species and strain characterization and purity tests.
